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ABSTRACT
The aim of this study was to evaluate the effect of low-level
laser therapy (LLLT) on odontoblast-like cells exposed to a
bleaching agent. Mouse dental papilla cell-23 cells were
seeded in wells of 24-well plates. Eight groups were estab-
lished according to the exposure to the bleaching agent and
LLLT (0, 4, 10 and 15 J cm2). Enamel–dentin disks were
adapted to artiﬁcial pulp chambers, which were individually
placed in wells containing Dulbecco’s modiﬁed Eagle’s med-
ium (DMEM). A bleaching agent (35% hydrogen peroxide
[BA35%HP]) was applied on enamel (15 min) to obtain the
extracts (DMEM + BA35%HP components diffused through
enamel/dentin disks). The extracts were applied (1 h) to the
cells, and then subjected to LLLT. Cell viability (Methyl tet-
razolium assay), alkaline phosphatase (ALP) activity, as well
as gene expression of ALP, ﬁbronectin (FN) and type I colla-
gen, were evaluated. The bleaching procedures reduced the
cell viability, ALP activity and gene expression of dentin pro-
teins. Laser irradiation did not modulate the cell response;
except for FN, as LLLT decreased the gene expression of this
protein by the cells exposed to the BA35%HP. It can be con-
cluded that BA35%HP decreased the activities of odonto-
blasts that were not recovered by the irradiation of the
damaged cells with low-level laser parameters tested.
INTRODUCTION
Tooth bleaching as an esthetic treatment has been widely studied
in recent decades, and particular attention has been paid to its tox-
icity to pulp cells (1–7). Reactive oxygen species (ROS) released
from bleaching agents are capable of diffusing through enamel to
interact with dark molecules present in dentin substrate, promoting
tooth bleaching (8). Concomitantly, these toxic products can reach
the pulp chamber (9) to cause cell damage (2,3).
The toxic effects promoted by tooth-bleaching treatments have
been demonstrated in both in vitro (2,3,10) and in vivo studies
(1,6) in which the authors showed a range of reactions, from
mild pulp inﬂammation on bleached premolars (6) to partial
necrosis of coronal pulp tissue in mandibular human incisors (1).
According to previous in vitro studies, low concentrations of
bleaching agents cause severe damage to cultured pulp cells,
such as macrophages (11), ﬁbroblasts (5,10) and odontoblasts
(2–4). The rationale for the use of odontoblast-like cell lineages
for evaluation of the in vitro cytotoxicity of dental materials is
based on the fact that odontoblasts are the ﬁrst pulp cells to be
reached by subproducts released from dental products capable of
diffusing through enamel and dentin (2,4) to cause cell damage.
In the last few years, low-level laser therapy (LLLT) have
shown promising results related to the modulation of cell
responses, such as increased ATP synthesis (12), osteoblast pro-
liferation (13) and alkaline phosphatase (ALP) activity in odonto-
blast-like cells (14), as well as cell metabolism in ﬁbroblasts
exposed to bleaching agents (5). The objective of LLLT applied
after tooth-bleaching procedures is to inﬂuence, in a positive
way, the pulp cell responses, improving the healing of this spe-
ciﬁc connective tissue damaged by toxic components released
from bleaching agents. The LLLT has been indicated to treat
dental hypersensitivity, which is the side-effect most frequently
observed in patients during and even after tooth-bleaching thera-
pies (15,16). However, only scarce data concerning the efﬁcacy
of LLLT on biomodulation of pulp cells previously exposed to
bleaching agents are available (5,17). Therefore, the aim of this
study was to evaluate the effect of LLLT on odontoblast-like
mouse dental papilla cell (MDPC)-23 cells immediately after
exposure to components of a bleaching agent capable of diffus-
ing across enamel and dentin. Cell metabolism, ALP activity and
gene expression of dentin proteins (type I collagen [COL-I],
ﬁbronectin [FN], and ALP) were assessed.
MATERIALS AND METHODS
Cell culture. Immortalized cells of the MDPC-23 cell line (18,19), kindly
provided by Dr. Carl T. Hanks and Dr. Jacques E. N€or, from the Univer-
sity of Michigan, Ann Arbor, USA, were cultured in Dulbecco’s
modiﬁed Eagle’s medium (Sigma Chemical Co., St. Louis, MO). The
cells were subcultured every 3 days to obtain adequate numbers, and then*Corresponding author email: casouzac@foar.unesp.br (Carlos A. de Souza Costa)© 2013 The American Society of Photobiology
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were seeded (12 500 cells cm2) in 24-well dishes (Costar Corp., Cam-
bridge, MA). The cells were maintained for 5 days in a humidiﬁed incu-
bator (Isotemp, Fisher Scientiﬁc, Pittsburgh, PA) with 5% CO2 and 95%
air at 37°C.
Preparation of the artiﬁcial pulp chamber (APC). In this study, we
used 208 enamel/dentin disks (dentin thickness = 1.6 mm; enamel
thickness = 1.5 mm; diameter = 5 mm), obtained from bovine incisors.
To obtain the disks, we cleaned the incisors, stored them in a thymol
solution (0.1%) and analyzed them by light microscopy (209, Meiji
2000; Meiji Techno, Saitama, Japan). Teeth with hypoplasia, enamel
cracks or other morphological alterations were excluded from the
study.
The teeth were sectioned with the use of a metallographic precision
saw (ISOMET 1000; Buehler Ltd., Lake Bluff, IL) to obtain a block con-
taining both enamel and dentin (10 mm width 9 10 mm length). The
specimens were then rounded with a high-speed, water-cooled cylindrical
diamond bur (1095; KG Sorensen, Barueri, Brazil) to obtain standardized
disks (5.0 mm of diameter). The dentin surfaces of the disks were wet-
ground by means of abrasive papers (SiC #600 and #1200—Arotec Ind.
Com. Ltda., Cotia, Brazil) to obtain a standardized thickness of 1.6 mm.
The dentin thickness used in this study was standardized as 1.6 mm, sim-
ilar to the dentin thickness present in the human central incisors (1,20),
main target of the bleaching procedures. The enamel was not grounded
to maintain the normal structure characteristics of the enamel surface. All
these procedures were performed aiming to mimic the clinical situation
of tooth bleaching. The smear layer was removed with 0.5 N ethylenedi-
aminetetraacetic acid (Mallinckrodt Baker Inc., Paris, KY) solution, pH
7.2, for 30 s (21), and the disks were then rinsed thoroughly with sterile
deionized water for 60 s.
After these procedures, the disks were individually adapted to an APC
(22), with their enamel sides facing upward to receive the bleaching treat-
ments. The APCs were sterilized and randomly divided into eight experi-
mental and control groups (Table 1).
Bleaching treatment and laser irradiation. For the bleaching treat-
ment, the APCs were individually placed in 24-well plates containing
1 mL of culture medium without fetal bovine serum (FBS). Each enamel
surface was washed with distilled water and dried with absorbent papers,
before the bleaching protocol was undertaken. The bleaching gel with
35% hydrogen peroxide (HP—Whiteness HP; FGM, Joinville, Brazil)
was used according to the manufacturer’s instructions. The bleaching gel
used is presented in two bottles, one containing HP and the other one a
thickener agent. To perform the bleaching, the HP and the thickener were
mixed (3:1) to obtain a homogeneous solution. Then, the bleaching agent
was applied on the enamel surface for 15 min.
The agent was then aspirated, and the enamel surface was gently
washed with distilled water. After 45 min, a 500-lL quantity of the
obtained extract (subproducts diffused through the dental structure + cul-
ture medium) was applied to the odontoblast-like cells (1 h).
After this period, the extracts were removed, new culture medium sup-
plemented with FBS was applied and laser irradiation was performed. The
laser device used in this study was an indium gallium arsenide phosphide
(InGaAsP) diode laser prototype (LASERTable; 780  3 nm wavelength,
0.025 W maximum power output, area of irradiation was 2 cm2). LLLT
was delivered from the bottom of the culture plates, where cells were previ-
ously seeded and treated or not with HP (2,17,23). Each well was irradiated
individually at different energy doses (4, 10, and 15 J cm2) according to
the established groups. The energy doses were selected according to results
from previous studies demonstrating that LLLT at selected parameters
could improve cell metabolism (14). Irradiation times were established at
300, 800 and 1200 s, for 4, 10 and 15 J cm2, respectively (1).
Twenty-four hours after irradiation, the evaluations were performed.
All experiments were carried out in triplicate.
Cell viability analysis (Methyl tetrazolium assay). After the bleaching
treatment and laser irradiation (Table 1), 10 wells were used for the eval-
uation of cell viability (n = 10) by the cytochemical demonstration of
succinic dehydrogenase activity, as described previously by Mosmann
(24) and used in several current studies (2,3,25,26). The absorbance val-
ues of each group were transformed into percentages representing cell
viability. The negative control (without any treatment) was deﬁned as
100% cell viability.
ALP activity. Ten wells per group (n = 10) were used for the evalua-
tion of ALP activity by means of a colorimetric endpoint assay (ALP
Kit; Labtest Diagnostico S.A., Lagoa Santa, Brazil). Thymolphthalein
monophosphate is a phosphoric acid ester substrate that is hydrolyzed by
ALP and releases thymolphthalein, giving a bluish color to the solution.
The intensity of the resulting color is directly proportional to the enzy-
matic activity and was analyzed by spectrophotometry, as described and
used in other studies (26,27).
Gene expression of dentin proteins by real-time polymerase chain
reaction (qPCR). Six wells were used for the evaluation of the gene
expression of dentin proteins after the different treatments (n = 6). Proto-
cols of RNA extraction and cDNA synthesis were performed as described
by Basso et al. (23) and are brieﬂy described here.
RNA extraction and cDNA synthesis: Twenty-four hours after the ﬁnal
irradiation, the expression of dentin proteins was evaluated by a two-step
qPCR. RNA isolation was performed by the Trizol method (Invitrogen,
Carlsbad, CA), and cDNA was synthesized from each RNA sample by
the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA) as previously described (22).
qPCR: After cDNA synthesis, the gene expression of ALP, COL-I
and FN was evaluated by qPCR. For each gene, speciﬁc primers were
synthesized from the mRNA sequence (Table 2). The reactions were pre-
pared with standard reagents for real-time PCR (Syber Green Master Mix
[Applied Biosystems]). qPCR reactions were performed with the Step
One Plus System (Applied Biosystems) at each ampliﬁcation cycle, and
analyzed with Step One Software 2.1 (Applied Biosystems). Results were
expressed in cycle threshold (CT) values, which represent the number of
PCR cycles necessary for the ﬂuorescent signal to reach the detection
threshold. The individual results expressed in CT values were normalized
according to the expression of the selected endogenous reference gene,
beta-actin. The mRNA concentrations of each target gene were then
analyzed statistically.
Statistical analysis. The normality of the results (Shapiro–Wilk test)
and homogeneity of variances (Levene’s test) of the data obtained were
evaluated for all analysis. As the results of cell metabolism and ALP
activity did not present a normal distribution, the data were statistically
analyzed by a nonparametric test (Kruskal–Wallis and Dunn’s tests;
a = 0.05). The results of dentin protein gene expression (real-time PCR)
were analyzed by two-way ANOVA and Tukey’s test (a = 0.05).
RESULTS
Cell viability (Methyl tetrazolium)
The bleaching treatment used in this study caused a signiﬁcant
reduction in MDPC-23 viability (40–60%) (Kruskal–Wallis and
Table 1. Experimental and control groups according to laser irradiation
and bleaching treatment.
Groups
Bleaching treatment
(HP 35%)
Dose
(J cm2) Laser
Number of
applications
G1 control Absent 0 Absent 0
G2 control Present 0 Absent 0
G3 Absent 4 Present 1
G4 Absent 10 Present 1
G5 Absent 15 Present 1
G6 Present 4 Present 1
G7 Present 10 Present 1
G8 Present 15 Present 1
Table 2. Primer sequences in gene expression analysis with real-time
PCR.
Genes Primer sequences
Col-I Forward—5′ ACG TCC TGG TGA AGT TGG TC 3′
Reverse—5′ CAG GGA AGC CTC TTT CTC CT 3′
ALP Forward—5′ GCT GAT CAT TCC CAC GTT TT 3′
Reverse—5′ CTG GGC CTG GTA GTT GTT GT 3′
FN Forward—5′ CTG GGG TCT ACT CCA CCG AA 3′
Reverse—5′ GCC AAG ATT CAG AGA CCC GG 3′
b-Actin Forward—5′ AGC CAT GTA CGT AGC CAT CC 3′
Reverse—5′ CT CTC AGC TGT GGT GGT GAA 3′
202 Adriano F. Lima et al.
Dunn’s tests, P < 0.05) (Fig. 1). Laser irradiation at all tested
parameters was not capable of reversing the cytotoxic effects
caused by the bleaching treatment. Nevertheless, a higher reduc-
tion in cell viability occurred in those cells exposed to the
bleaching agent and irradiated at 15 J cm2 (G8) compared with
that in the other groups exposed to bleaching (P < 0.05). The
groups without exposure to the bleaching agent presented similar
levels of cell metabolism, regardless of laser irradiation.
ALP activity
Laser irradiation was not capable of promoting any alteration in
ALP activity in the groups with or without exposure to the
bleaching agents (Fig. 2). All groups presented statistically
similar results compared with the control groups (without irradia-
tion). However, the bleaching treatment caused ALP activity
reduction, regardless of laser application (P < 0.05).
Gene expression of dentin proteins (real-time PCR)
In evaluations of the gene expression of ALP and COL-I, only
the variable “bleaching treatment” presented a statistically signiﬁ-
cant difference (two-way ANOVA, P < 0.001). The expression
of both genes was reduced after cells were exposed to the
bleaching agents (Figs. 3 and 4). Moreover, the laser did not
modulate the expression of both genes evaluated.
The interaction between the main variables (“bleaching treat-
ment” and “laser irradiation”) was signiﬁcant for FN expression
(two-way ANOVA, P = 0.0034). The negative inﬂuence of the
bleaching treatment was observed for this gene expression, as
Figure 1. Cell viability of the odontoblasts according to the experimen-
tal and control groups. Different letters indicate statistically signiﬁcant
differences. Capital letters denote the bleaching treatment, and lower-case
letters denote the energy doses (Kruskal–Wallis and Dunnet tests,
a = 0.05).
Figure 2. Graphic presentation of the alkaline phosphatase activity as a
function of the different treatments. Different letters indicate statistically
signiﬁcant differences. Capital letters denote the bleaching treatment, and
lower-case letters denote the energy doses (Kruskal–Wallis and Dunnet
tests, a = 0.05).
Figure 3. Gene expression of alkaline phosphatase after the treatments
respective to each group. Different letters indicate statistically signiﬁcant
differences (Tukey’s test, a = 0.05).
Figure 4. Gene expression of Col-I after the different protocols tested.
Different letters indicate statistically signiﬁcant differences (Tukey’s test,
a = 0.05).
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was previously observed for other genes (Fig. 5). Regarding the
effect of laser irradiation, this therapy was not capable of revers-
ing the negative effects observed for the cells exposed to bleach-
ing subproducts. Indeed, laser irradiation decreased FN
expression in those groups in which the cells were not exposed
to bleaching agents.
DISCUSSION
Although bleaching therapy is an esthetic treatment widely per-
formed in clinical practice, several negative side effects have
been demonstrated (1–3,22,28). The afﬁrmation “safe and nonin-
vasive treatment” commonly used to describe this esthetic proce-
dure has lately been called into question. As previously
demonstrated, even at low concentrations, bleaching agents can
cause damage to dental pulp cells (3,22), and previous results
corroborate those of this study, in which we demonstrated the
deleterious effects of tooth-bleaching agents on the viability of
odontoblast-like cells.
The cell damage promoted by bleaching agents occurs due
to the ROS released from the bleaching gel and diffused through
the hard dental structures. These toxic oxygen species react
with the unsaturated fatty acids of the plasmatic membrane (29),
increasing its permeability as well as causing activation of endo-
nucleases and proteases, and even apoptosis (cell death) (30).
The ROS diffused through enamel and dentin reduces not only
cell viability but also ALP activity. These highly reactive free
radicals interact with the protein structure of ALP, breaking
down the amino acid sequence and causing protein fragmentation
(31). With the signiﬁcant reduction in cell viability, the toxicity
promoted by the bleaching agent decreased the cell activity of,
and negatively inﬂuenced the gene expression by, cultured odon-
toblast-like cells, as observed in the real-time PCR results
obtained. Analysis of these data indicates that several cell func-
tions can be jeopardized by the exposure of pulp cells to the
subproducts released from bleaching agents.
Thus, alternative therapies should be evaluated to reduce the
damage caused by bleaching agents to pulp cells, and low-level
laser therapy seems to be a promising option. According to
previous studies, interesting results have been obtained regarding
the inﬂuence of laser irradiation on cell differentiation, reduction
in inﬂammatory reactions and tissue repair (32–36). Therefore,
LLLT irradiation may be considered as a potential adjuvant ther-
apy for the modulation of dental pulp cell responses to injury
caused by bleaching treatment. Laser irradiation can modulate
cell responses by acting in the mitochondria, increasing the lev-
els of ATP and intracellular calcium (37). This kind of therapy
may cause the dissociation of nitric oxide from the catalytic cen-
ter of the cytochrome C oxidase (38). In addition, it has been
demonstrated that laser irradiation is capable of increasing the
viability of pulp ﬁbroblasts previously exposed to bleaching
agents (5). With regard to the odontoblast-like cells exposed to
bleaching agents, it was demonstrated that the same LLL param-
eters used in this study increased ALP activity in cells after
being irradiated three times (17). However, as shown in a previ-
ous study carried by Lima et al. (17), no modulation of cell via-
bility was observed. In addition, the authors demonstrated that
the cell metabolism of cultured odontoblasts exposed to bleach-
ing agents was not affected by laser irradiation, except at the
energy dose of 15 J cm2, at which cell metabolism was
decreased. This reduced cell metabolism can be explained by the
phenomenon known as “biphasic dose response” or “hormesis,”
according to which low light doses can cause positive effects on
cell metabolism, and high energy doses may inhibit some cell
functions, which can be in some cases, a negative result (39).
The reduction in cell metabolism after laser irradiation with
15 J cm2 was observed only for the group also exposed to the
bleaching agents. This result suggests that the previous aggres-
sion caused by the bleaching agent increased the susceptibility of
the cells to the negative effects on metabolism promoted by laser
irradiation with 15 J cm2, causing a greater reduction in cell
viability.
In addition to cell viability, the ALP activity and gene expres-
sion of proteins associated with the synthesis and mineralization
of dentin, such as COL-I, ALP and FN, were also evaluated to
verify whether laser therapy would be able to modulate cell
responses to the subproducts released from the bleaching agents,
with the possible formation of postirradiation dentin matrix. FN
is a protein involved in the processes of adhesion, proliferation
and cell differentiation (40). In addition, the presence of this pro-
tein is associated with tissue mineralization and dentin formation
(41). The irradiation protocols tested were not capable of modu-
lating the cell metabolism, as well as the ALP activity and gene
expression, of dentin proteins, except for FN. For this last pro-
tein, laser irradiation promoted a reduction in gene expression,
only for the cells not exposed to the bleaching agents. This data
may be explained by the energy doses used in this study, which
could be high enough to reduce the gene expression of FN by
the cultured odontoblast-like cells, even when they were not
exposed to the bleaching agent. However, these effects were
observed only for the FN expression and cell viability.
Based on the results obtained, it may be hypothesized that a
single laser irradiation, using the parameters tested, was not
capable to promote cell effects immediately against the aggres-
sion caused by bleaching agents. Other parameters such as the
wavelength used, potency of the laser irradiation and the doses
tested can be responsible for the results obtained, as different cell
responses can be obtained after changes in any parameters cited.
(39,42) Nevertheless, due to the efﬁcacy of this therapy in
inﬂammation reduction and tissue repair (32,33,35,36), as well
Figure 5. Gene expression of ﬁbronectin according to the experimental
and control groups. Different letters indicate statistically signiﬁcant differ-
ences. Capital letters denote the bleaching treatment, and lower-case
letters denote the energy doses (Tukey’s test, a = 0.05).
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as on the stimulation of ﬁbroblast metabolism (5), and the
increased ALP activity produced by odontoblasts exposed to
dental materials such as bleaching agents (17), laser irradiation
represents an interesting alternative therapy for the positive mod-
ulation of pulp tissue responses to aggressive stimuli. The irradi-
ation parameters used in this study were based on a prior study,
in which the authors demonstrated promising results using high
laser energy doses on the same cell line used in this investigation
(36). On the other hand, different from Oliveira et al. (36), in
the present laboratorial study the authors induced a speciﬁc cellu-
lar stress using toxic components released from bleaching agents.
Nevertheless, several studies have obtained positive results
applying low energy densities to different cell lines (23,43–45).
However, the deﬁnition of biostimulating parameters represents a
challenge, and, therefore, other parameters should be evaluated
to establish the optimum power and energy doses to be used in
such situations.
CONCLUSIONS
Based on the results obtained, the following can be concluded:
1 The bleaching treatment caused a reduction in odontoblast
metabolism, as well as in the activity of ALP and the gene
expression of COL-I, ALP and FN.
2 Laser therapy, according to the evaluated parameters and a sin-
gle irradiation, was not capable of inﬂuencing the cell metabo-
lism, ALP activity and gene expression of ALP and COL-I
after 24 h of the irradiation.
3 A single laser irradiation promotes an inhibitory effect on FN
gene expression on odontoblasts without exposure to
bleaching agents, in all doses evaluated after 24 h of the irra-
diation.
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